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HEINRICH BUESS**
Let me first of all tell you how glad I am to have spent a few weeks of my
time in the United States in the magnificent Historical Library of Yale
University. And let me express my deepest thanks to Dr. John F. Fulton
for the suggestions he has given me from his wide knowledge and for his
advice concerning the books of the Historical Library, which contains such
a wealth of precious items of all kinds. Although in Basle we also have an
excellent library, I must confess that I envy the students and doctors here
the facilities which are always at their disposal in the treasures collected by
Doctors Cushing, Klebs, and Fulton himself.
The first two scholars-Dr. Cushing and Dr. Klebs-had many contacts
with Switzerland, since Harvey Cushing (1869-1939) as a young surgeon
worked during the winter of 1900-1901 at the clinic of Theodor Kocher
(1841-1917) and enthusiastically reported his observations (in word and
in drawings) on his visit in Berne and also in Lausanne and Geneva, and
many of you know that Cushing regarded Kocher as one of the teachers
whose precepts accompanied him to the Johns Hopkins Hospital and even
after. The names of Edwin and Arnold Klebs are also closely connected
with the development of medical sciences in our country, for in the field of
bacteriology the elder Klebs' (1834-1913) work during the time he spent
in Switzerland led to his dramatic discoveries, and his son (1870-1943),
the learned doctor of Nyon on Lake Geneva, became one of the founders of
our Swiss Association of the History of Medicine almost thirty years ago.
It has been very pleasant for me to see from the several invitations I have
received how lively the interest in our small country is among different
people of your great land, here at Yale and at other places.
Hence, it may interest you to hear something of the contribution of Basle
physicians to the history of biology in the nineteenth century. Especially
worthy of attention is a physiologist whose name is known only to a few in
English-American medical literature, despite the fact that he was one of the
outstanding investigators in biochemistry in its early days. Before touching
upon the life and work of Dr. Fritz Miescher (1844-1895), however, it will
be useful to learn something of his historical background, that is, something
of the past and present of the town and the University of Basle up to his
time.
* From the Department of the History of Medicine, Yale University School of
Medicine. Read in the Historical Library, February 14, 1952.
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How did our city acquire its important r6le in the development of
medicine in Switzerland? Last year we had the pleasure of celebrating the
450th anniversary of the entrance of Basle into the Swiss confederation
(founded in 1291). But at that time, that is, in 1501, the town in the north-
eastern corner of our land had already become well known as a center of
commerce; also, since the beginning of the Renaissance, Basle had attracted
many printers, especially from southern Germany. If you will look in some
of the old books in this library, you will find that many of them bear the
name of Basle on the title-page. Undoubtedly, the establishment of a uni-
versity within its walls in 1460 contributed much to the formation of a
humanistic center which became even more famous with the publication of
the great work of Vesalius in 1543 from the press of Oporinus. One also
remembers how happily Paracelsus delivered his lectures in the vernacular
among the citizens of Basle.
It might be mentioned that the University developed quickly during the
Reformation and anti-Reformation. It was the time of so-called liberalism,
or more precisely, the restoration during the 1830's, when the University of
Basle went through one of its most critical stages. I cannot go into details
here, but I am sure that at Yale University, as well as at Basle, there have
been, from time to time, men of wisdom conscious of responsibility who
have helped to further the growth of their beloved institutions. So Basle
established its medical instruction on a new practical basis, and starting
from this point, we see the members of three Swiss families who, during two
generations, were responsible for new developments in biological research
within our city. After the first advances in the sixteenth century, we en-
counter another surge of growth in the sixties and seventies of the nine-
teenth century. At that time Basle was in strong competition with the newly
founded universities of Zurich and Bern. In these towns there were among
the newly appointed professors many Germans (such as Schoenlein,
Billroth, Ludwig, etc.) who, by their energy, did much to stimulate medical
research.
How much depends on the leading personality at a university is shown by
the fact that one single scholar from an old family, Peter Merian (1793-
1883), who was at that time Chancellor of the University, had great influ-
ence and possessed a fine understanding of the qualifications of the young
doctors to be selected for new jobs. To one of them, a man of twenty-six,
he said: "We throw you into the water; you might now look how you will
swim." This appointment of Wilhelm His, the anatomist (1831-1904), was
to be one of the most fortunate ever made in the history of our University.
There were fathers and sons of three families, namely, Miescher, Riitimeyer,
and His, who contributed most to the reputation of the Basle school in the
biological field. Sterling Library of Yale University possesses many of the
writings of each of these physicians.
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Friedrich Miescher, the elder (1811-1887), and WVilhelm His bring us
into contact with the most outstanding German biologist of the first half
of the nineteenth century, namely, Johannes Muller (1801-1858), the
founder of the German school of anatomy and physiology. It was Muller,
with his earnest mien and strange charms, who evoked from His the enthu-
siastic words: "Already the first lectures have worked upon me like a
revelation, and the longer I stay the more I learn what it means to come
under the influence of so mighty a personality." It was Muller who sug-
gested that the elder Miescher study the different processes underlying
inflammation of bones, and Muller himself wrote the foreword to the
treatise. It is interesting to observe how one single feature of character and
mind had power over the scientific activity of both Mieschers, with the
result that they were extremely reluctant to bring forth the findings of their
investigations-a fact which makes it difficult for both biographer and
historian to reach a well-defined judgment. Thus we see that, despite slight
literary productivity, the elder Miescher played a significant role in the
development of the younger generation, particularly in the development of
his son, the biochemist, and of His, the anatomist.
Before returning to the representatives of biology in Basle, let me call
your attention to a feature common to most Swiss scientific activity and one
which confers upon it a specific aspect, that is, the orientation in the direc-
tion of German as well as French culture. It may be observed that this
position between these two nations protects the Swiss historian from a
chauvinism which is sometimes so symptomatic of scholars, especially in the
field of biography. By the end of the eighteenth century France had pro-
duced an extensive literature on comparative anatomy. That the city of
Basle in its Museum of Natural History has one of the best collections in
this area of science is due to the varied interests of one of the University
teachers.
This man was Ludwig Riitimeyer (1825-1895), of Bern Canton, an
originator of the prealpine zone, who had brought, apparently from his
studies in Paris, a definite plan for further research. It might have been his
former studies in theology and philosophy which led him to trace the forms
of the recent animals back to their earliest stages of development in pre-
historic time. His inclination toward practical medicine was slight-the
same disinclination probably appeared in other outstanding Swiss physicians
at that time-and it is reported by Riitimeyer himself that, in a kind of
flight, he left a district hospital to concentrate his endeavors on the "Jardin
des Plantes" in Paris. In London, he was an admirer of the genius of the
great Richard Owen (1804-1892) at the British Museum. With regard to
his contributions to the history of biology it may be said that he introduced
the method of "historical paleontology" into many new fields of natural
science. Through his observation of the particularities of his subject, to-
gether with his wonderful capacity for philosophical abstraction, he recog-
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nized in the crania, jaws, and teeth of ancient animals "a direct history
which should continue to the present time."
Without doubt, comparative anatomy forms the basis of Riitimeyer's
investigations. The historical approach was suggested by the discovery of
the lake-dwellings on the lake of Zurich; from these he could follow not only
the development of animals back through thousands of years, but he was
also able to compare the forms of ancient skulls, etc. within different parts of
the globe and thus found important kindred relations to the fauna of North
America. This method of comparison spread over from France and England
to Germany, and it is well known that the master of the German school of
biologists, Johannes Muller, in his later years, became more and more inter-
ested in comparative anatomy. The next step in this kind of research, after
the cytology was established by a pupil of Muller, carried the embryological
pattern in a new direction, namely, to the observation of the formation of
cells and their development.
The fact that Wilhelm His, a brother-in-law of the elder Miescher,
concentrated his studies more and more on developmental physiology has
a bearing too on the dominant role of Muller as the founder of a widespread
school. Since His helped to obtain recognition for the works of the younger
Miescher in biochemistry, it might be well to survey his life and work. His
was born in Basle in 1831; his father belonged to the highest social group
of Basle aristocracy which, at that time, was more differentiated than now.
Here we have a point of contact with an important feature in the history of
Basle, namely, the commercial side of its development. The industry of silk-
weaving gained an increasing influence and a strong position. His's an-
cestors were outstanding men of commerce, industry, and politics. One of
them actively participated in the revolution in Switzerland which followed
the one in France. After a thorough education and graduation from a lycqee
in which the classical tradition was strong, His, like Riitimeyer, came under
the influence of an inspiring scientist in Bern, the geologist Bernhard Studer
(1794-1887). The teaching of both young doctors-who received appoint-
ments at the University of Basle at about the same time, Riitimeyer in
zoology, His in anatomy and physiology-may have reflected the enthusi-
asm of their teacher. His spent a certain period of his medical studies in
Berlin, and it was here that Robert Remak (1815-1865), one of the founders
of cytological embryology, directed his interests decidedly to this new area.
Then, after a term in Wiirzburg, where he was attracted by the rising star
of the young Rudolf Virchow (1821-1902), His was graduated from Basle,
and for the next fifteen years taught there and built up a foundation of
research which developed rapidly under his successors. Among the latter
may be mentioned the German-American, Hanson Kelly Corning (born
1861), who died only last year in New York after having worked a long
time in Basle. His textbook of topographical anatomy appeared in at least
thirteen editions and was a basic work in surgical practice.
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From 1872 until his resignation, His was Professor of Anatomy in
Leipzig, and the newly established institute became a focal point for research
in anatomy and embryology. Not only was he an excellent teacher (who
supplemented his lectures with magnificent drawings on the blackboard),
but he also was the originator of new methods of demonstration in topo-
graphical anatomy and embryology, among which are his famous plastic
models of the bowels and of the development of the fetus.
What is the most important contribution of His to medical biology? I
believe it lies in his macroscopical and microscopical studies on the forma-
tion of the nervous system. Since these studies are brilliantly published in
many well-known treatises, it may be sufficient to mention only the most
important of his neurological results. With regard to the work of his
nephew, the younger Miescher, to whom we shall turn, it seems to be sig-
nificant that His started his own investigations so consistently from the
first cellular stages of the nervous system and that, principally, he always
chose various kinds of animals for them. This foundation in cytology and
comparative anatomy was to be the same for Miescher, as we will see. Even
now, we can see a new connection with the later pattern of biochemistry.
After his first steps in the direction of embryology in Basle, the chief
work of His was done in Leipzig. The key idea, like that of the process of
folding which His took from geology, played an important role in the
explanation of the complicated development of the human brain. The forces
of folding are not the same in all directions, and poles of the upper part of
the nervous cord influence the formation of the different contortions and
trenches. As you see, here were already indications of developmental
mechanics, a new morphological science growing up at that time. This basic
research enabled His to make standard models to demonstrate these rela-
tions. For information concerning his joint embryological and histological
research, I suggest reference to the published volumes and illustrations.
Only a few more words need be added. As a young privatdocent, in his
first public lecture in Basle, His had already dealt with the development of
the nervous cell; then he proved the formation of the spinal ganglia from the
intermediate column of the spinal cord; finally, in the summer of 1886, he
described the growing out of the nerve fibres from the so-called "neuro-
blasts," a certain group of cells in the spinal cord. This histo-embryological
proof was important in the understanding of the nervous function and
formed the morphogenetic basis for the neurone theory.
So far we have regarded His as a man of laboratory research, but, in an
historical lecture particularly, we should complete the picture of our Basle
doctor by mentioning his great interest in the history of science and old
medical literature. Although these endeavors started from a pragmatical
standpoint, His became interested in ancient biology through his own
research, with the result that he wrote an excellent paper on the theories of
generation up to the time of Albrecht Haller (1708-1777). This treatise is
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not widely known, and is omitted, for instance, in the work of Joseph
Needham (1935). In his later years this outstanding anatomist also brought
forth contributions to the local history of his native town, and, what is even
more important to us, collected all available writings of his nephew,
Friedrich Miescher-Riisch (1844-1895). One might say that it was this
kinship that led His to this work of editing. However, in the history of bio-
chemistry Miescher merits a high position. Thus, we must be grateful to
Wilhelm His for undertaking such work for his young friend. Above all it
is his letters written to His which best reveal to us the fine character of a
modest scholar.
Thus, after having considered the characteristics of his scientific nature,
let us try to give some idea of the personality of Miescher. I am sorry to
have to omit here a new biographical paper of Miescher the younger, which
was published by some of our experts in Basle in 1944 at the celebration of
his 100th anniversary. During most of his youth Miescher lived in Basle,
where his already renowned father taught pathology at the University and
practised as a gynecologist. That was the time when the system of full-time
professorships was being slowly introduced in our country. Hence, it is
understandable that Miescher encouraged his son to get a practical educa-
tion, despite the special fitness for laboratory work which he had revealed
at an early age.
Since 1828, Christian Friedrich Sch6nbein (1799-1868), the discoverer
of ozone and gun-cotton, had taught chemistry in Basle, and the postulate
which he expressed in 1863 may have been somehow significant for his kind
of instruction. In the Reports of the Bavarian Academy of Sciences he
wrote: "The results of the experiments that we carry out with organic
substances in our laboratories often are able to throw some light on the
chemical processes as they take place in the living organism; meanwhile,
it seems to me that, as a rule, the manner by which the chemist deals with
material, compared with the natural environment of animals and plants, is
so violent that until now only in a few cases has the chemistry of the
laboratory allowed conclusions concerning that of living nature. . . . In
addition to this theoretical reflection, it was perhaps the freshness of the
instruction and research of Schonbein which inspired Miescher to his chem-
ical studies. The large library of his father and the atmosphere of culture
under the paternal roof brought our student, at an early age, in contact with
thought of the middle of the last century, and he may have recognized the
promising future of German natural science which, at that time, was just
beginning to move its wings. In the higher grades of school Miescher was
always the top boy of his class and at the age of seventeen he entered
medical school, where he also ranked highest and where, despite his natural
modesty, he held an official position in one of the largest Swiss student
organizations. One term he spent at G6ttingen, where he worked in the
laboratory of Friedrich Wohler (1800-1882), who became famous for the
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first synthesis of urea from inorganic substances (1828). Wohler had an
excellent background in chemical research and was one of the most success-
ful pupils of J. Berzelius (1779-1848), the Swedish master of chemistry.
A long sickness of typhoid fever not only delayed Miescher's graduation,
but also injured his hearing, a factor which may have contributed to his
later isolation in his institute.
It was Miescher's uncle, His, who suggested advanced studies in a special
area of biochemistry, namely, the study of chemical composition of the dif-
ferent tissues. Before dealing with the respective studies of Miescher in this
field, let us follow, through his letters, his impressions of the two places
where he came in contact with physiology. His first teacher was one of the
pupils of Virchow, Felix Hoppe-Seyler (1825-1895), who, after being an
assistant in pathological chemistry in Berlin, had been appointed as a pro-
fessor of applied chemistry in Tiibingen. Here he established his laboratory
from which came the discoveries that founded a new science in Germany.
In these hazardous surroundings Miescher may have contracted the lung
disease which, despite the famous climate of the Swiss mountains, took him
away so prematurely. This is very likely, since the young doctor seems to
have worked without any concern for his health. After remaining a year and
a half in this damp laboratory, Miescher went to the most outstanding
center of physiological research in Germany, namely, to Leipzig, where Carl
Ludwig (1816-1895), also a pupil of Muller, had surrounded himself with
men of all nations. The letters of Miescher, who did not care for the experi-
mental technique of Ludwig and his school, although he undertook a study
of the functions of the spinal cord, vividly illustrate life at that great insti-
tute. I have tried to translate some of the passages, in no particular chrono-
logical order and without comment. In a letter addressed to Hoppe-Seyler
he reports: "The Leipzig Institute was in this year formally a sort of
international scientific purse: Italians, Frenchmen, Swedes, Norwegians,
Russians, Americans, Mohammedans were crowded around the experi-
mentation tables. . . . You can see that the most important schools of
physiology were represented." Miescher continues: "Every one brings some-
thing with him, and even to my humble self it was permitted to give wise
counsels in matters of hemoglobin. . . . By the way, all really difficult
operations . . . have been done until now by the technician of the Institute,
Salvenmoser, who has enormous knowledge in it . . . and without whom I
could not imagine the Institute. . . ." In another, more intimate, letter to his
parents, dated 30 November 1869, he writes: "Already I have done experi-
ments together with the American, Bowditsch (sic)." He was one of the
two men Miescher quotes by name. Undoubtedly he meant Henry Pickering
Bowditch (1840-1911), who had earned laurels a few years before as a
major in the cavalry in the Civil War, and who had recently been graduated
from Harvard Medical School. It is known that under the direction of "the
old master," as F. H. Garrison called Ludwig, Bowditch took the first
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successful steps in his brilliant career as a leader of physiology in the United
States. It is interesting that Miescher named "a certain Macallum of
Toronto" (28 July 1893) who, a long time before, had found iron in the
nucleus of the cells.
To return to Miescher, I would recommend that you read his most
interesting letters, especially those concerning the time spent in Leipzig.
I wish to add one more passage here: "I get more and more the conviction
that in the many studies on blood gases the ideas are of Ludwig and the
technical work, as far as it requires dexterity, is the merit of the servant
Salvenmoser.... The respective Russian or Dutchman stood nearby, held
perhaps the sponge or the towel, scarcely knew what was happening, at
least on the train of thought; a few numbers dictated in his note-book and
afterwards many visitors were much surprised to see that their names were
printed in a wonderful paper."
I have quoted here in part these amusing reports of the young Swiss in
order to show you the outstanding personality of Ludwig. In 1872, a year
after publishing his first treatise on pus cells, the twenty-eight-year-old
Miescher was appointed as professor of physiology at Basle; until that time
anatomy and physiology had been taught together. After this Miescher
carried for many years the heavy burden of instruction. Even six years later
he complains to a colleague: "Now I sigh under twelve hours of weekly
lectures, in addition to the practical courses and, being without an assistant,
I come only now and then to my senses." He felt he should prepare his
lectures so thoroughly that his research suffered for a long time; but in
1885 he got an institute of his own in the so-called Vesalianum (which was
constructed a good deal according to Miescher's projects) and better equip.
ment, which alleviated his task. Let me only mention here Miescher's
contribution to dietetics in practical relation.
More and more he was becoming a prisoner of his disease and he had to
undergo cures in the mountains; he was now aware that his scientific work
would be cut short, as we can see from the following phrases: "But I should
have fifty hands instead of two. . . . If I had as much time as material I
would advance very fast.... I feel like a man in a debtors' prison. As long
as I have not paid my old debts I cannot go on to new tasks.... Only when
I read here and there an immature fragment of that which I have collected,
printed by another author, do I recognize what could have been done with
my material." Here we meet what I have already mentioned, namely, the
extreme reluctance of Miescher to publish his results. In addition to his
illness, this modesty has meant that a great part of his life work has
remained unknown, and if His had not brought forth many letters, and if
the well-known pharmacologist, Oswald Schmiedeberg (1838-1921), had
not completed one of the last treatises, our picture of the scientific position
of the Basle physiologist would be even less complete. Miescher felt this
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deficiency keenly. In two letters to his uncle he had set down a full program
of intended publications, but in another letter written to his colleague,
Rudolf Bohm (who was born the same year as Miescher and died in 1926),
he groans: "I shall never have the conscience which is needed for the happi-
ness of a man, that I fulfill completely and in a harmonious manner a task
given to me . . . and the main basic frame of my life always will be the
unpleasant feeling of a man who has lost the bottom of his braces." So we
understand quite well when one of his pupils compared Miescher with "a
boat loaded with precious treasures which is sinking while entering the
port." Miescher died in Davos, a health resort in our mountains, on 26
August 1895. Is it not the irony of fate that he should end his life in a
climate toward whose scientific exploration he had contributed so much?
What are, then, the merits of Miescher in medical biology? To appreciate
them we should give the outlines of the development particularly of vegeta-
tive physiology. Let us start with Miescher's teacher, Hoppe-Seyler, whom
we called the founder of physiological chemistry in Germany. He dealt
extensively with the chemical compounds of the blood and, together with
the Frenchman, Georges Hayem (1841-1933), laid the basis of modern
clinical hematology in relation to blood pigments. Although this was only
one aspect of Hoppe's work, it may be noted that Miescher was quite inde-
pendent of Hoppe in his conceptions at the time when he began his studies
on another type of cells in a pathological liquid of the human body, namely,
pus. Going back to the general evolution of biochemistry we should state
that the appointment of Hoppe by Virchow was the result of the influence
of Justus Liebig (1803-1873), who, within the space of a few years, had
established in Giessen, near Frankfort, a magnificent center of instruction
and research in chemistry. During the second half of his life Liebig sud-
denly changed his program from the analysis of artificial substances to the
investigation of plants and animal liquids. The first new knowledge of the
principle of metabolism in nature, according to Virchow, should be applied
to pathology in order to put hematology on a firm foundation. From Liebig's
contacts with French chemists-here the mediation of Alexander von
Humboldt (1769-1859) plays an important r6le-the spark had passed over
to Germany, and the work of Miescher is one of the fruits that the second
generation brought to science. From this time on, the ascent of biochem-
istry was to be much more rapid, aided by scientists like the Nobel Laureate,
Albrecht Kossel (1853-1927), who continued successfully what Miescher
had begun.
It is typical of Miescher that when he arrived in Tiibingen at Eastertime
in 1868, he did not go directly to the laboratory of Hoppe, but prepared
himself first in the techniques of organic chemistry by working in the
chemical institute. According to the well-known physical chemist, Wilhelm
Ostwald (1853-1932), Miescher undoubtedly belongs to the so-called classic
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type of investigator, namely, one who proceeds systematically along a pro-
posed line straight ahead to a certain goal and who is very cautious about
communicating his results. We see in his work features similar to the dis-
coveries of Michael Faraday (1791-1867)-of course on a lesser plane-
and to the amazing career of Hermann Helmholtz (1821-1894).
I am sorry not to have the opportunity to give a more detailed outline of
the status of chemical biology at that time, but it may be said that Miescher
entered quite a new area of research-the investigation of the chemical
structure not only of tissues but also of single cells, and even the parts of
them. If we glance briefly at the very detailed Geschichte derphysiologischen
Chernie of the Viennese chemist, Fritz Lieben (1935), we can easily see
that in the different fields, whether it be compounds of cells or certain laws
of metabolism, Miescher opened new patterns of research. This fact explains
not only the difficulties of method but also the hard problem of finding the
starting points for the theoretical understanding of his observations. These
facts, plus his early death, determined Miescher's position as an instigator
of new types of research-a pioneer in the finest meaning of the word-
rather than a man of great and completed achievements.
In the spring of 1871, near the end of the war between the French and
Germans, the scientific world eventually became familiar with the first con-
tributions of the young doctor. He had finished his paper almost two years
previously in the laboratory at Tiibingen. It was there he had succeeded,
after lengthy preparations, in isolating (by artificial digestion through
pepsin) the nucleus of the pus cell from the protoplasm and had discovered
in its substance the representative of a new group of entities, which he
called "nucleine." These compounds contained phosphorus in fixed form
and were capable of forming salts with alkalies; thus it was an acid (later
called nucleinic acid by Altmann). Since this was the most important part of
that treatise, one may easily overlook the fact that also in the cell body
Miescher found five albuminous substances and lecithin. Meanwhile, the
earlier biochemists had investigated the chemical compositions of the organs
as a whole (G. J. Mulder, K. G. Lehmann, J. E. Schlossberger, E. F.
von Gorup-Besanez); for the first time the cytological approach had now
become significant in the analysis of tissues.
Histology and biochemistry advanced rapidly during the following
decades. While he was still in Tiibingen, Miescher included in his investiga-
tions the cells of the kidneys and of yeast; for the latter Hoppe had devel-
oped the technique and brought forth the first results. The vitelline globes
were also examined. In all these cells he found the same nucleine which
differed from the first only in the quantity of phosphorus. Also, an analysis
of the heads of spermatozoa was carried out, and here Miescher found,
besides the nucleine, a new basic compound which he called "protamine"
and which was also typed as a salt. This salt of nucleinic protamine could be
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produced also in crystalline form. A third substance, the so-called "caryo-
gen" in the nucleus of the cell, contained iron-as Miescher could prove.
His investigations were enlarged more and more. He tried to explain, on
an exact basis, the phenomenon that the genital glands of the salmon, during
a certain period, grow extensively without any supply of food. Miescher
recognized in this growth "the most magnificent and most productive
experiment of starvation which nature knows," and through his studies he
founded the science of intermediate metabolism. He recognized within the
dynamics of metabolism that the substances that build up the testicles and
the ovaries were derived from certain muscles of the trunk of the fish in
which he observed degenerated fibers. Miescher was able to discover the
formal causes of this "liquidation," as he called this phenomenon; they con-
sisted of a decreased supply of blood to the peripheral areas which arose
from a diminishing of blood pressure. Miescher followed the course of
the different properties withdrawn from the muscle and noted several
stages of maturation in the spermatozoa during which certain chemical
transformations took place.
Miescher made use of this opportunity for a histological examination of
the spermatozoa. He also carried out chemical studies on the eggs of the
frog, which should clear up the process of impregnation.
Finally, we should mention a field of Miescher's work which won the
interest of a few young doctors-among them his successor, Rudolf Metzner
-namely, the respiration and the adaptation of the blood cells in higher
climates. These investigations should put on a more clinical basis the earlier
results reported in the classic book of Paul Bert (1833-1886). Miescher's
differentiation between the "apnoea vera" and the "apnoea spuria" con-
tributed much to the clarification of concepts in this complicated matter. The
increasing of content of hemoglobin and red blood cells in higher altitudes
he called "the finest regulation which is known up to this time in vegetative
physiology."
Let me conclude my brief sketch with the sympathetic words of Carl
Ludwig, written to Miescher toward the end of Miescher's life: "As
grievous as it may be to be so sick, to you remains the consolation of having
performed imperishable acts. You have made accessible a substantial analy-
sis of the centre of all organic life, and as often during the next centuries as
the cell and your work is scrutinized and exposed, the grateful descendant
will remember you as a research pioneer."
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